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(54) ULTRASONIC TRANSCEIVER

(57) An ultrasonic transceiver includes: piezoelectric
body (2) including opposing surfaces having first elec-
trode (2c) and second electrode (2d) respectively, pie-
zoelectric body (2) being segmented into a plurality of
elements (2a,2b) by groove (3) recessed from a surface
having first electrode (2c) among the opposing surfaces;
conductor (1) electrically connected to first electrode (2c)
on each of elements (2a,2b). The ultrasonic transceiver
further includes reinforcement section (7) provided in a
part of second electrode (2d), the part corresponding to
a bottom of groove (3). With this configuration, a de-
crease in a strength of piezoelectric body (2) in the bottom
of groove (3), which is caused by groove (3) provided in
piezoelectric body (2), can be prevented and occurrence
of a crack can be prevented.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
transceiver to be used in a measuring instrument that
measures a flow rate, distance, or the like, by using an
ultrasonic wave.

BACKGROUND ART

[0002] In ultrasonic transceivers of this type, piezoe-
lectric body 102 has been conventionally installed in a
space sealed with topped tubular metal case 101 and
metal plate 104, as illustrated in FIG. 8. In piezoelectric
body 102, one of electrodes is electroconductively joined
to an inner surface of a top panel of metal case 101, and
electrode wire 105 is connected to another one of the
electrodes and is connected to external lead 110 via elec-
trode 107 of insulator 106 provided to penetrate metal
plate 104. Matching layer 108 is pasted to an outer sur-
face of the top panel of metal case 101 with an adhesive
or the like (see, for example, PTL 1).
[0003] Groove 103 is provided in piezoelectric body
102 to divide the piezoelectric body into two elements
102a, 102b, so that vibration in an electrode direction
can be made a main mode. Therefore, a small ultrasonic
transceiver with high sensitivity and fast response can
be achieved.

Citation List

Patent Literature

[0004] PTL 1: Japanese Patent No. 3554336

SUMMARY OF THE INVENTION

[0005] In a conventional configuration, although ele-
ment 102a and element 102b are connected at their bot-
toms, piezoelectric body 102 is the same as being con-
figured by a plurality of independent elements due to
groove 103 of piezoelectric body 102 deepened, which
improves sensitivity. However, a strength of a part at the
bottom of groove 103 decreases, and there is a possibility
that crack 109 may occur due to a load by vibration or a
stress during handling. If crack 109 occurs, conduction
between the elements becomes poor, and there is a prob-
lem that part of the divided elements does not function
effectively and sensitivity decreases. If crack 109 occurs
as illustrated, for example, in FIG. 8, conduction of elec-
trode wire 105 with element 102a is maintained but con-
duction with element 102b is not maintained, and hence
only element 102a vibrates effectively and sensitivity de-
creases.
[0006] The present invention provides an ultrasonic
transceiver in which: a decrease in a strength of a bottom
of a groove, which is caused by the groove provided in

a piezoelectric body, is prevented and occurrence of a
crack is prevented; or conduction can be maintained
even if a crack occurs.
[0007] The ultrasonic transceiver of the present inven-
tion includes: a piezoelectric body including opposing
surfaces having a first electrode and a second electrode,
respectively, the piezoelectric body being segmented in-
to a plurality of elements by a groove recessed from a
surface having the first electrode among the opposing
surfaces; a conductor electrically connected to the first
electrode on each of the plurality of elements; and a re-
inforcement section provided in a part of the second elec-
trode, the part corresponding to a bottom of the groove.
[0008] Thereby, occurrence of a crack in a groove part
whose strength is small can be prevented.
[0009] The ultrasonic transceiver of the present inven-
tion can prevent a decrease in a strength of a bottom of
a groove provided in a piezoelectric body, and can pre-
vent occurrence of a crack.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a vertical section of an ultrasonic transceiver
according to a first exemplary embodiment of the
present invention.
FIG. 2 is a vertical section of an ultrasonic transceiver
according to a second exemplary embodiment of the
present invention.
FIG. 3 is a vertical section of an ultrasonic transceiv-
er, illustrating another example of the second exem-
plary embodiment of the present invention.
FIG. 4 is a vertical section of an ultrasonic transceiver
according to a third exemplary embodiment of the
present invention.
FIG. 5 is a vertical section of an ultrasonic transceiv-
er, illustrating a variation of the third exemplary em-
bodiment of the present invention.
FIG. 6 is a vertical section of an ultrasonic transceiver
according to a fourth exemplary embodiment of the
present invention.
FIG. 7 is a vertical section of an ultrasonic transceiver
according to a fifth exemplary embodiment of the
present invention.
FIG. 8 is a vertical section of a conventional ultra-
sonic transceiver.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, exemplary embodiments of the
present invention will be described with reference to the
drawings. It is to be noted that these exemplary embod-
iments are not restrictive of the present invention.

(First exemplary embodiment)

[0012] FIG. 1 illustrates a vertical section of an ultra-
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sonic transceiver according to a first exemplary embod-
iment of the present invention.
[0013] In FIG. 1, ultrasonic transceiver 10 includes
topped tubular metal case 1 (conductor), piezoelectric
body 2 having electrode 2c that is a first electrode and
electrode 2d that is a second electrode on entire surfaces
facing each other, and matching layer 8. In piezoelectric
body 2, the surface, on which electrode 2c that is the first
electrode is provided, is divided into two elements 2a, 2b
by groove 3, and each of elements 2a, 2b is formed to
have an optical size and shape for a predetermined vi-
bration frequency. Electrodes 2c of elements 2a, 2b are
electroconductively joined to inner surface 1a of top panel
1e of metal case 1. Electrode wire 5 is soldered, at a
position of part 9 corresponding to a bottom of groove 3,
to electrode 2d that is the second electrode with solder
7, and solder 7 functions as a reinforcement section.
[0014] Matching layer 8 is adhered to outer surface 1b
of top panel 1e of metal case 1 with an adhesive. Further,
lead 4 is joined to metal case 1 to be conductive with
electrode 2c of piezoelectric body 2, and piezoelectric
body 2 vibrates by a predetermined voltage waveform
applied between lead 4 and electrode wire 5, so that an
ultrasonic wave is transmitted from matching layer 8 via
top panel 1e of metal case 1.
[0015] With the above configuration, piezoelectric
body 2 can prevent occurrence of a crack or the like in
piezoelectric body 2 because solder 7 functions as a re-
inforcement section, although a strength of part 9 located
at the bottom of groove 3 decreases when the groove is
provided.

(Second exemplary embodiment)

[0016] FIG. 2 illustrates a vertical section of an ultra-
sonic transceiver according to a second exemplary em-
bodiment of the present invention. In FIG. 2, the same
reference marks as in the first exemplary embodiment
have the same structures, and description will be omitted.
[0017] In ultrasonic transceiver 20 in the present ex-
emplary embodiment, piezoelectric body 22 is divided
into four elements 22a, 22b, 22c, 22d by three grooves
23a, 23b, 23c unlike the first exemplary embodiment.
Further, in electrode 22f that is a second electrode, solder
7 is provided at each position of parts 9a, 9c correspond-
ing to the bottoms of groove 23a and groove 23c at both
ends of grooves 23a, 23b, 23c. Electrodes 22e that are
first electrodes of elements 22a, 22b, 22c, 22d divided
by grooves 23a, 23b, 23c are all electroconductively
joined to inner surface 1a of top panel 1e of metal case 1.
[0018] In piezoelectric body 22, parts 9a, 9b, 9c corre-
sponding to the bottoms of grooves 23a, 23b, 23c are
decreased due to grooves 23a, 23b, 23c. Like the first
exemplary embodiment, occurrence of a crack or the like
can be prevented by providing solder as a reinforcing
member on electrode 22f in parts 9a, 9c corresponding
to grooves 23a, 23c at both ends that particularly need
a strength for vibration. Electrode wire 5 may be connect-

ed to solder 7 of either position.
[0019] In FIG. 2, positions of parts 9a, 9b correspond-
ing to the bottoms of grooves 23a, 23c at both ends are
only reinforced with solder 7, but there is no trouble when
parts 9a, 9b, 9c corresponding to the bottoms of all
grooves 23a, 23b, 23c are reinforced by adding solder 7
also to the position of part 9b corresponding to the bottom
of groove 23b at a center. Also, the same effect can be
obtained even if the entire positions of parts 9a, 9b, 9c
are soldered with one piece of solder 7, like ultrasonic
transceiver 30 illustrated in FIG. 3.

(Third exemplary embodiment)

[0020] FIG. 4 illustrates a vertical section of an ultra-
sonic transceiver according to a third exemplary embod-
iment of the present invention. In FIG. 4, the same ref-
erence marks as in the second exemplary embodiment
have the same structures, and description will be omitted.
[0021] Ultrasonic transceiver 40A in the present exem-
plary embodiment is different from the first exemplary
embodiment in that: piezoelectric body 42 of ultrasonic
transceiver 40A is divided into four elements 42a, 42b,
42c, 42d by three grooves 43a, 43b, 43c; and depth A of
each of grooves 43a, 43c at both ends of the three
grooves is made shallower than depth B of groove 43b
at a center. Electrode 42e that is a first electrode is elec-
troconductively joined to metal case 1, and electrode wire
5 is connected to electrode 42f that is a second electrode
with solder 7.
[0022] In piezoelectric body 42, strengths of parts 9a,
9b, 9c, corresponding to the bottoms of grooves de-
crease due to the grooves. A required strength can be
secured by forming a reinforcement section with the
depth of each of grooves 43a, 43c at both ends, which
particularly need a strength for vibration, made shallow,
and hence occurrence of a crack in piezoelectric body
42 can be prevented.
[0023] In the present exemplary embodiment, part 9b,
corresponding to the bottom of groove 43b whose depth
is not made shallow, is reinforced by providing solder 7
at the position of part 9b.
[0024] In the present exemplary embodiment, the
depth of each of the grooves at both ends in which
strengths particularly decrease, is made shallow, but as
another example, the depth of groove 43c, one of the
grooves at both ends, may be made shallow, and part
9a corresponding to the bottom of groove 43a whose
depth is not made shallow may be reinforced with solder
7, like ultrasonic transceiver 40B illustrated in FIG. 5.

(Fourth exemplary embodiment)

[0025] FIG. 6 illustrates a vertical section of an ultra-
sonic transceiver according to a fourth exemplary em-
bodiment of the present invention. In FIG. 6, the same
reference marks as in the second exemplary embodi-
ment have the same structures, and description will be
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omitted.
[0026] Ultrasonic transceiver 50 in the present exem-
plary embodiment is different from the second exemplary
embodiment in that: reinforcement conductor 41, con-
ductively joined to an entire surface of electrode 22f that
is a second electrode, is disposed; and electrode wire 5
is connected to this reinforcement conductor 41.
[0027] Therefore, even if a crack occurs in any one of
parts 9a, 9b, 9c corresponding to bottoms of grooves,
conduction between electrode wire 5 and electrodes of
elements 22a, 22b, 22d can be secured by using this
reinforcement conductor 41, and failures in which sensi-
tivity decreases and the like can be prevented.

(Fifth exemplary embodiment)

[0028] FIG. 7 illustrates a vertical section of an ultra-
sonic transceiver according to a fifth exemplary embod-
iment of the present invention. In FIG. 7, the same ref-
erence marks as in the second exemplary embodiment
have the same structures, and description will be omitted.
[0029] Ultrasonic transceiver 60 in the present exem-
plary embodiment is different from the first exemplary
embodiment in that: conductive members 62, 63, each
of which has a conductor in a part in contact with electrode
22f of piezoelectric body 22, are disposed at positions of
electrode 22f, the positions corresponding to bottoms of
three grooves 23a, 23b, 23c of electrode 22f; and con-
ductive members 62, 63 are configured to be pressed
against electrode 22f with lid 61 (pressing member) for
closing an opening of metal case 1. Conduction between
electrodes 22e and lead 4 is secured by: forming lid 61
with a member having conductivity; connecting lead 4 to
lid 61; and electrically joining lid 61 to metal case 1.
[0030] Herein, conductive member 62 is an elastic
body and has a conductor part 62a formed in a part in
contact with electrode 22f. Conductive member 63 is an
elastic body having electrical conductivity, such as con-
ductive rubber, and conduction between electrode 22f
and electrode wire 5 is secured by electrode 22f and elec-
trode wire 5 in contact with conductive part 64 that is
connected. Herein, lid 61 and conductive part 64 are in-
sulated by insulating part 65.
[0031] Width C of the conductive part in each of the
conductive members 62, 63, is set such that even if a
crack occurs at the bottoms of grooves 23, conduction
among elements 22a, 22b, 23c, 22d, is secured.
[0032] With the above configuration, even if a crack
occurs in any one of the three grooves, conduction be-
tween electrode wire 5 and electrodes of elements 22a,
22b, 23c, 22d can be secured, and failures in which sen-
sitivity decreases and the like can be prevented.
[0033] As described above, an ultrasonic transceiver
according to a first disclosure includes: a piezoelectric
body including opposing surfaces having a first electrode
and a second electrode, respectively, the piezoelectric
body being segmented into a plurality of elements by a
groove recessed from a surface having the first electrode

among the opposing surfaces; a conductor electrically
connected to the first electrode on each of the plurality
of elements. The ultrasonic transceiver further includes
a reinforcement section provided in a part of the second
electrode, the part corresponding to a bottom of the
groove. With this configuration, occurrence of a crack, in
a groove part where a strength of the piezoelectric body
is small, can be prevented.
[0034] In an ultrasonic transceiver according to a sec-
ond disclosure, a plurality of the grooves each being the
groove may be provided, and the reinforcement section
may be provided in each of parts corresponding bottoms
of at least the grooves at both ends of the plurality of
grooves in the first disclosure. When there are a plurality
of grooves, strengths of the parts located at the bottoms
of the grooves at both ends decrease, but, with this con-
figuration, the parts can be effectively reinforced.
[0035] In an ultrasonic transceiver according to a third
disclosure, the reinforcement section may be formed with
solder, and an electrode wire may be connected to at
least one of the reinforcement sections in the first or sec-
ond disclosure.
[0036] In an ultrasonic transceiver according to a fourth
disclosure, the reinforcement section may be formed by
making a depth of a groove of the plurality of grooves
shallower than a groove of the plurality of grooves located
inside in the first or second disclosure.
[0037] An ultrasonic transceiver according to a fifth dis-
closure includes: a piezoelectric body including opposing
surfaces having a first electrode and a second electrode,
respectively, the piezoelectric body being segmented in-
to a plurality of elements by a groove recessed from a
surface having the first electrode among the opposing
surfaces; a conductor electrically connected to the first
electrode on each of the plurality of elements. The ultra-
sonic transceiver further include a reinforcement conduc-
tor electrically joined to an entire surface of the second
electrode of the piezoelectric body. With this configura-
tion, even if a crack occurs in a part of the groove of the
piezoelectric body, conduction with all of the elements
can be secured.
[0038] An ultrasonic transceiver according to a sixth
disclosure includes: a piezoelectric body including op-
posing surfaces having a first electrode and a second
electrode, respectively, the piezoelectric body being seg-
mented into a plurality of elements by a groove recessed
from a surface having the first electrode among the op-
posing surfaces; a conductor electrically connected to
the first electrode on each of the plurality of elements.
The ultrasonic transceiver further include: a conductive
member provided in a part of the second electrode, the
part corresponding to a bottom of the groove; and a
pressing member pressing the conductive member
against the second electrode. With this configuration,
even if a crack occurs in a part of the groove of the pie-
zoelectric body, conduction with all of the elements can
be secured.
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INDUSTRIAL APPLICABILITY

[0039] As described above, the ultrasonic transceiver
according to the present invention can provide an ultra-
sonic transceiver in which: a decrease in a strength of a
bottom of a groove, which is caused by the groove pro-
vided in a piezoelectric body, is prevented and occur-
rence of a crack is prevented; or conduction can be main-
tained even if a crack occurs, and hence durability and
reliability can be improved when the ultrasonic transceiv-
er is used in flow rate measuring devices and the like.

REFERENCE MARKS IN THE DRAWINGS

[0040]

1: metal case (conductor)
2, 22, 42: piezoelectric body
2a, 2b, 22a to 22d, 42a to 42d: element
2c, 2d, 22e, 22f, 42e, 42f: electrode
3, 23a, 23b, 23c, 43a, 43b, 43c: groove
5: electrode wire
7: reinforcement section (solder)
10, 20, 30, 40A, 40B, 50, 60: ultrasonic transceiver
41: reinforcement conductor
61: lid (pressing member)
62, 63: conductive member

Claims

1. An ultrasonic transceiver comprising:

a piezoelectric body including opposing surfac-
es having a first electrode and a second elec-
trode, respectively, the piezoelectric body being
segmented into a plurality of elements by a
groove recessed from a surface having the first
electrode among the opposing surfaces;
a conductor electrically connected to the first
electrode on each of the plurality of elements;
and
a reinforcement section provided in a part of the
second electrode, the part corresponding to a
bottom of the groove.

2. The ultrasonic transceiver according to claim 1,
wherein a plurality of the grooves each being the
groove are provided and the reinforcement section
is provided in each of parts corresponding bottoms
of at least grooves at both ends of the plurality of
grooves.

3. The ultrasonic transceiver according to claim 1 or
claim 2,
wherein the reinforcement section is formed with sol-
der and an electrode wire is connected to at least
one of the reinforcement section.

4. The ultrasonic transceiver according to claim 1 or
claim 2,
wherein the reinforcement section is formed by mak-
ing a depth of a groove of the plurality of grooves
shallower than a groove of the plurality of grooves
located inside.

5. An ultrasonic transceiver comprising:

a piezoelectric body including opposing surfac-
es having a first electrode and a second elec-
trode, respectively, the piezoelectric body being
segmented into a plurality of elements by a
groove recessed from a surface having the first
electrode among the opposing surfaces;
a conductor electrically connected to the first
electrode on each of the plurality of elements;
and
a reinforcement conductor electrically joined to
an entire surface of the second electrode of the
piezoelectric body.

6. An ultrasonic transceiver comprising:

a piezoelectric body including opposing surfac-
es having a first electrode and a second elec-
trode, respectively, the piezoelectric body being
segmented into a plurality of elements by a
groove recessed from a surface having the first
electrode among the opposing surfaces;
a conductor electrically connected to the first
electrode on each of the plurality of elements;
a conductive member provided in a part of the
second electrode, the part corresponding to a
bottom of the groove; and
a pressing member pressing the conductive
member against the second electrode.
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